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[57] ABSTRACT

A high force-gain valve including a housing having first
and second openings therein, a fluid diverter fixed in
position within the housing and aligned with the second
opening, a translatable gate closely surrounding the

- diverter and having a sealing edge which in the closed

position seats against the portion of the housing adja-
cent the second opening, and a positioner for translating
the gate between open and closed positions. The gate is
hollow, its interior being in fluid communication with
the interior of the housing, and has a beveled sealing
edge, exposing most of the sealing edge to the fluid
pressure within the housing, and is therefore force bal-
anced. The force balancing permits the gate to be easily
and quickly translated and positioned between the open
and closed positions.

8 Claims, 9 Drawing Figures
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1
HIGH FORCE-GAIN VALVE

The Government has rights in this invention pursuant
to Contract No. DASG60-78-C-0080 awarded by the
Department of the Army.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to valves and particularly to a
new and improved high force-gain valve which is inher-
ently force balanced to permit quick and easy opening
and closing thereof.

2. Description of the Prior Art

Many different types of valves are used to control the
flow of fluids. Particular difficulties can arise, however,
in valves which are employed to control fluid under
- high pressure. Force-gain can be defined as the ratio of
the output force to the input force. Many typically-con-
figured prior art valves have low force-gain in which a
relatively powerful actuator i1s required to overcome
the force of the high pressure fluid to which the valve
component which varies the fluid flow 1s exposed. For
example, in a typical poppet valve having a force-gain
of only 1.5, the actuator would have to supply a 2,000
pound force in order to open a one square inch poppet
against a 3,000 psi fluid. In addition to being expensive
and bulky, such powerful actuators are heavy, a disad-
vantage where overall valve weight is an important
factor, such as in aircraft or guided missile applications.
Further, the necessity of such a powerful actuator elimi-
‘nates from the choice of potential actuator types the
typically smaller, lower powered and less expensive
actuators, such as solenoids and cams.

Certain valve applications may also require quick
opening, closing and precise positioning of the valve.
For example, valves used as directional control thrust-
ers in missile propuision and control systems necessitate
precisely timed, short bursts of high pressure fluid from
the valves. The bulky, powerful actuators described
earlier used in many prior art valves to control the flow
of high pressure fluid, however, do not lend themselves
to quick opening and closing as do the lower powered
actuators, such as solenoids and small servoactuators.
Thus, fast reaction can be difficult to achieve in a hlgh
pressure valve.

In view of the above mentioned problems it is there-
fore an objeet of the present invention to provide a
valve which is conﬁgured to control the flow of high
pressure fluid using a relatively low powered actuator.

Another object of the present invention is to provide
a valve for high pressure fluid which can be quickly
opened and closed and precisely positioned to interme-
diate positions.

Yet another object of the present invention is to pro-
vide a valve for high pressure fluid which is lightweight
and relatively inexpensive.

SUMMARY OF THE INVENTION

The present invention, in accordance with one em-
bodiment thereof, comprises a high force-gain valve
employed to control the flow of a fluid therethrough.

The valve includes a housing having first and second
openings, one of the openings being in fluid communi-
cation with a source of fluid, and a fluid diverter fixed
in position within the housing and aligned with the
second opening. A gate having a force balanced config-
uration is also disposed within the housing closely sur-
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2

rounding the diverter. The gate 1s translatable between
open and closed positions and includes a sealing edge
which, when the gate is in the closed position, seats
against the portion of the housing adjacent the second
opening to block the flow of fluid therethrough. The
valve also includes actuation means for effecting trans-
lation of the gate between open and closed positions.
In a particular embodiment of the invention, a portion
of the housing comprises a nozzle, the second opening
comprising the entrance of the nozzle. The force bal-
ancing of the gate is facilitated by the gate being hollow
and in fluild communication with the interior of the
housing and by its having a beveled sealing edge.

- BRIEF DESCRIPTION OF THE DRAWING

The invention will be better understood from the
following descrlptlon taken in conjunction with the
accompanylng drawing wherein:

FIG. 11s a cross-sectional view of the high force-gain
valve of the present invention showing the gate in the
closed posmen

FIG. 2 is a cross-sectional view of the valve showing
the gate in the open position.

FIG. 3 is a cross-sectional view of a prior art poppet
valve. | |

FIG. 4 is a cross-sectional view of the gate and di-

-verter of the valve of the present invention showing the

force balancing areas and pressures thereof.
FIG. S is a perSpeetlve view of the slots in the di-
verter and ribs in the gate.

FIGS. 6 through 9 are cross-sectional views of alter-
nate embodiments of the fast reaction valve of the pres-
ent Invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Turning now to a consideration of the drawing, and
in particular to FIG. 1, there is shown a high force-gain
valve 10 of the present invention which is employed to
control the flow of a fluid therethrough. The valve 10
includes a housing 12 which has at least a first opening
14 and a second opening 16. One of the openings, in this

“case the first opening 14, is in fluid communication with

a source of fluid. such as an inlet hose 18 shown in
dashed lines. In the configuration shown in FIG. 1, the
valve 10 is used as a control thruster and therefore a
portion of the housing 12 comprises a nozzle 20 which
is attached to the remainder of the housing 12 in an

appropriate manner, such as with a threaded screw

arrangement. As can be seen, the second opening 16
comprises the entrance 22 of the nozzle 20. Of course,
the valve 10 can have many other uses and thus the
housing 20 can have any shape appropriate to such uses.

The valve 10 includes a fluid diverter 24 fixed in
position and disposed within the housing 12. The di-
verter 24 is shaped to divert, or direct, the fluid flowing
through the second opening 16 and is thus aligned with

‘and spaced from the second opening. In the contigura-

tion of FIG. 1, the diverter 24 is generally cone shaped
with the pointed center portion of the diverter extend-
ing into the nozzle 20 beyond the entrance 22. The
shape of the diverter, however, can be modified as de-
sired.

. Preferably, the diverter 24 is attached to the housing

12 in a manner so as to provide an unobstructed fluid
flowpath through the second opening 16. For example,
the diverter 24 can include an extension 26 having a
threaded end which screws into a corresponding
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threaded section of the housing 12. Thus, no support
structures extend through the second opening which
might interfere with the fluid flow. |

The valve 10 varies the flow of fluid therethrough by
means of a translatable gate 28 disposed within the
housing 12 and which closely surrounds the diverter 24.
A seal, such as the O-ring seal 25, can be disposed be-
tween the gate 28 and the diverter 24 to prevent fluid
leakage along their interface. FIG. 1 shows the gate 28
in a closed position while FIG. 2 shows it in an open
positton. The gate 28 includes a sealing edge 30 which is
- sized and shaped for, when the gate 28 is in the closed
position of FIG. 1, seating against the portion of the
housing 12, in this case against the nozzle 20, adjacent
the second opening 16 to thereby block the flow of fluid
therethrough. When the gate 28 is translated to the open
position of FIG. 2, fluid flows past the gate and the
diverter 24 and through the second opening 16. The
'gate 28 can also be positioned at intermediate positions
- between the open and closed positions to permit a re-
duced amount of fluid to flow through the second open-
“ing.

The valve 10 includes actuation means for effecting
translation and positioning of the gate 28 between the
- open and closed positions. One example of suitable
~actuation means comprises a solenoid positioner 31
shown in FIGS. 1 and 2. The solenoid positioner 31
comprises an electric power source 32 connected to a
coil 34 through a switch 36. The gate 28 includes a stem
38 which extends through the aperture 40 in the housing
12 to the center of the coil 34. The housing 12 can
include a seal 42 abutting the stem 38 to prevent leak-
age. When the switch 36 1s open, as in FIG. 1, the coil

34 is deenergized and a spring 44, which is disposed to.
cooperate with the stem 38, exerts a force against a

~ flange 46 on the stem 38 to translate the gate 28 to and
maintain it in the closed position. The spring 44 thus
also provides a fail safe feature to the valve in that
- should the positioner 31 fail, the gate 28 will be closed.
- When the switch 36 is closed, on the other hand, as i1s
seen in FIG. 2, the positioner 31 is activated, the coil 34
‘being energized by the electric power source 32. The
stem 38, which is made of an appropriate magnetic
“material, is pulled up into the coil 34 by the electromag-
netic field created therein, overcoming the force of the
spring 44, thereby translating the gate 28 to the open
position. The above described solenoid positioner 31 is
presented as an example only and numerous other actu-
ation means can also be employed with the valve 10.

-~ A unique feature of the valve 10 is that the gate 28 has
a substantially force balanced configuration. As a result,
the valve 10 has high force-gain and thus relatively low
powered, lightweight and therefore inexpensive actua-
tion means can be used to quickly translate the gate 28,
even under high fluid pressure. The force balancing
configuration can best be explained by reference to
FIGS. 3 and 4. FIG. 3 shows a typical prior art poppet
valve which is not force balanced. Fi represents the
actuation force required to open the poppet 48 when the
fluid pressure P inside the housing 50 is greater than the
fluid pressure P> on the outside of the housing 50. In
that case, the opening 52 would be the fluid inlet while
the opening 54 would be the fluid outlet. A, is the total
surface area across the poppet, A;is the area of the stem
and A,is the area of the opening covered by the poppet.
In order to open the poppet 48, the actuation force F;
must exceed the force of the fluid pressure Py acting
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upon the exposed inner surface area of the poppet 48,
A—A; |

Where P;1s small relative to Py, as would typically be
the case with a fluid valve, the pressure P; acting upon
the exposed outer surface area of the poppet 48, which
would equal A, would offer little assistance to the
actuation force Fj. Thus, neglecting the effects of P>
and any friction forces involved, the valve actuation
means must be capable of providing a force Fi which
exceeds the force Pi(A;— A;) in order to open the pop-
pet 48.

For comparison, reference is now made to FIG. 4
where there i1s shown a valve of the present invention
which has a force balanced configuration. The housing
12 is filled with fluid and the gate 28 is completely
immersed therein. The area of the stem Asand the total
surface area A, of the gate 28 in FIG. 4 are the same as
the corresponding areas A;and A, of the poppet 48 of
F1G. 3, and the area A, of the second opening 16 of
FI1G. 4 1s the same as the area A, of FIG. 3. Likewise,
the pressures Py and P; are the same for the valves of
both figures. However, the configuration of the gate 28
differs significantly from that of the poppet 48 resulting
In its being substantially force balanced. The gate 28 is
hollow and the diverter 24 which it surrounds is also
hollow. The interior of the gate 28 is in fluid communi-
cation with the interior of the housing 12 through aper-
tures 56 in the gate 28. Thus, the pressure P on the
interior of the gate 28 is the same as the pressure P in
the interior of the housing 12. Briefly referring to FIG.
5, the hollow configuration of the gate 28 and its rela-
tionship to the diverter 24 can be more easily seen. The
diverter 24 includes elongated slots 58 through a wall
thereof aligned parallel to the direction of translation of

the gate 28. The gate 28 includes spokes 60 sized and

aligned for being received in the slots 58. When the gate
28 1s translated between the open and closed positions,
the spokes 60 slide within the slots 58. The apertures 56
which provide fluild communication between the inte-
rior of the gate 28 and the interior of the housing 12
comprise the open areas between the spokes 60. As will

- be explained shortly, the equal pressures Py on both the
.. inside and outside of the gate 28 promotes the force

45

30

balancing thereof.
Returning to FIG. 4, another feature adding to the
force balancing of the gate 28 comprises the sealing

‘edge 30 of the gate 28 being beveled exposing most of

the sealing edge to the pressure P of the fluid in the
interior of the housing 12. The beveled edge could be
either straight as is shown or could have a curving,

- tapered shape, as is shown in FIGS. 1 and 2. Returning
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to FIG. 4, only the apex of the sealing edge 30 seats

against the portion of the housing 12 adjacent the sec-
ond opening 16 when the gate is in the closed position.
Thus, the pressure P; acts upon both the upper and
lower (sealing edge) ends of the sidewall of the gate 28.

Considering the forces which the actuator force Fi
must overcome in order to translate the gate 28 to the
open position, the component of the exterior pressure
P, parallel to the direction of gate translation acts only
upon the fixed diverter 24 and thus has no effect upon
gate translation. The area A of the gate wall 1s acted
upon by the fluid pressure Py not only on its upper wall
but also upon the beveled sealing edge 30. The area Ay
of the spokes 60 is acted upon by the fluid pressure P
both on the upper and lower surfaces thereof due to the
presence of fluid in the interior of and exterior to the
gate 28. Finally, only the lower, and not the upper,
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surface of the area A;of the stem is acted upon by the

fluid pressure Pj. Thus, neglecting friction forces, in

order to translate the gate 28 to the open position, the
actuation force F| must exceed the force

PiAg—P1Ag+ P1A)— P\Aj— P1As= — P14,

That is, all the forces acting upon the gate are balanced
by equal but opposite forces except for the force P1A;
acting upon the lower surface of the stem 38. This force,
PiA,, being in an upward direction, tends to translate
the gate to an open position and thus actually assists the
actuation means in opening the gate. A spring, similar to
the spring 44 shown in FIG. 1, is included in the actua-
tion means to provide a closing force closely balancing
the opening force P1A; Thus, the gate opening actua-
tion force F1, such as that provided by the energizing of
the coil 34 in FIG. 1, can be quite small and the gate 28
can be translated very quickly since the other forces
| actmg upon the gate 28 are in substantial balance. Like-
wise, since the gate 28 1 is substantially force balanced in
its open, closed and all intermediate positions, the force
- required to translate the gate in any dlrectlon or to
maintain 1t in any position will be very small, Thus the
force required to translate the gate 28 from the open to
the closed positions can be provided by the spring con-
figured to exert a downward closing force slightly in
excess of P1A;. The force balancing of the gate 28 also
facilitates precise positioning thereof to any desired
position. In terms of force-again, the valve output, or
movement of the gate 28 against even a high pressure
fluid, requires a very low input, or actuation force Fj.
The force-gain, or ratio of the output force to the input
force, is therefore quite high. As a result, the actuation
means for the high force-galn valve 10 can be smaller,

lighter and less expenswe than that which would be
required for the prior art poppet valve of FIG. 3 which,

as was explained earlier, would have to provide a force
exceeding P1(A;— Ay) in order to open the poppet 48.

- A similar comparison could be made between the-

prior art poppet valve of FIG. 3 and the high force-gain
valve of FIG. 4 when the pressure P; on the outside of
the valve exceeds the pressure P on the inside of the

valve. The force required to maintain the poppet 48 of

'FIG. 3 in the closed position would have to be at least
P> A,, while the force required to maintain the gate 28 in
the closed position in FIG. 4 would be virtually zero,
since the vertical component of P; acts only upon the
~diverter 24 which is fixed in position. Thus, the fast
reaction valve of FIG. 4 is substantially force balanced
whether P exceeds or is less than P,, thereby allowing
quick opening and closing and precise positioning of the
gate 28 using small, light actuation means.

FIGS. 6 through 9 show alternate embodiments of

the high force-gain valve of the present invention. In
each of these embodiments, the actuation means 1is
shown as comprising a spring disposed to cooperate
with either the gate or a stem extending from the gate to
urge the gate to translate in a preselected direction. The

spring has a spring force selected to permit fluid of a

predetermined pressure to overcome the spring force
and translate the gate in the opposite direction. Thus,
the spring arrangement permits the gate to open and
close automatically in response to fluid pressure. It 1s to
‘be understood, however, that other actuation means,

such as, for example, the solenoid positioner 31 of

FIGS. 1 and 2, could also be used with these alternative
embodiments as well.
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Turning to FIG. 6, this embodiment of the high
force-gain valve 62 is similar to that shown in FIG. 1
and includes a housing 64 having first and second open-
ings 66 and 68 therein. A hollow diverter 70 is fixedly
attached to the interior of the housing 64 on the gate
side of the second opening 68 and a hollow, translatable
gate 72 closely surrounds the diverter 70, the interior of
the gate being in fluid communication with the interior
of the housing 64 through apertures 74. The gate 72
includes a stem 76 extending through the housing 64 to
a spring 78 which exerts a downward, closing force on
the gate. The valve 62 is configured to open automati-
cally when the fluid pressure P; within the housing 64
exceeds a preselected value. As was explained earlier,
the gate 72 is substantially force balanced, the net force
on the gate being the fluid pressure P; acting upon the
cross sectional area A; of the stem 76 in an upward, or
gate opening, direction. When it is desired that pres-
sures above a specific pressure Py automatically open
the gate 72, a spring 78 is selected which has a spring
force equal to P1A;. Any pressure above P will over-
come the spring force and open the gate 72. When the
pressure drops below Pj, the spring force will force the
gate 72 to a closed position.

Turning to FIG. 7, there is shown another embodi-
ment of a high force-gain valve 80 which is similar to
the valve 62 of FIG. 6 except that the gate 82 and the
first opening 84 are configured and cooperate to pro-
vide flow feedback to the valve. As the gate 82 is trans-
lated toward the open position by the force P1A;, the
upper portion of the gate will begin to block off the first
opening 84, reducing the amount of fluild which can
flow into the housing 86 while at the same time increas-

~-ing the amount of fluid which exits the housing through

the second opening 88. Thus, the fluid pressure P,
within the housing 86 and gate 82 will decrease, permit-

 ting the force of the spring 90 to translate the gate

40

toward the closed position.
Turning now to FIG. 8, there is shown still another
embodiment of a high-force gain valve 92. The valve 92

1s configured in the manner of a simple relief valve such
-that the gate 94 will open when the fluid pressure P;

" external to the housing 96 exceeds a preselected value.

45

50

55

65

As can be seen, most of the beveled sealing edge 98 is
exposed to the external fluid pressure P; at the second
opening 99 while the corresponding upper edge of the
gate is exposed to the pressure P; within the housing 96.
The remainder of the gate 94 is force balanced, being
exposed to the pressure P; on the upper and lower sur-
faces thereof. The valve 92 also includes a spring 100
disposed between the housing 96 and the upper portion
of the gate 94 with a spring force opposing the opening
of the gate 94. The fluid pressure P2 will open the gate
94 when P2A  exceeds P1Agplus the spring force. When
P> then decreases, the gate 94 will be translated to the
closed position by the force of the sprmg 100 and the
force exerted by the pressure Pj.

- FIG. 9 shows yet another embodiment of the high
force-gain valve of the present invention. This valve
102 is configured to maintain the fluid pressure P; above
a minimum preselected value, that minimum value
being equal to the spring force of the spring 104 which
urges the gate 106 to translate to an open position. The
diverter 108, which is fixed in position, and the gate 106
are hollow, the gate 106 including apertures 110 there-
through permitting the upper and lower surfaces, in-

- cluding the sealing edge 112 of the gate 106, to be acted

upon by the fluid pressure P;. As was explained for
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other embodiments of the valve, since the gate 106 is
thus substantially force balanced, the net force acting
upon the gate is P2A;in a direction which tends to close
the gate. The spring 104, on the other hand, 1s disposed
to cooperate with the stem 114, which extends down- 5
wardly past the spring 118 through an extenston 115 of
the diverter 108, and urges the gate 106 to open. If the
fluid pressure P; drops below a preselected value, the
force of the spring 104 will exceed the force P2A; and
open the gate 106. Fluid under a pressure Py, which 1s of 10
a higher pressure than P,, will then enter the interior of
the housing 116 through the opening 118 thereby mix-
ing with and. increasing the fluid pressure P; until the
force P2A; exceeds the force of the spring 104, thus
closing the gate 106. The valve 102 thereby maintains 15
the fluid pressure P; above a certain preselected value.
It is to be understood that this invention is not limited
to the particular embodiments disclosed and it 1s in-
tended. to cover all modifications coming within the
true spirit and scope of this invention as claimed. 20

What is claimed is:

1. A high force-gain valve for controlling the flow of

fluid therethrough comprising;:

(a) a housing having first and second openings
therein, one of said openings being in fluid commu- 25
nication with a source of said fluid;

(b) a substantially hollow fluid diverter fixed in posi-
tion within said housing and aligned with said sec-
ond opening and including elongated slots through
a wall thereof; 30

(c) a gated disposed within said housing closely sur-
rounding said diverter and having a substantially

force balanced configuration, said gate being hol-
low, the interior thereof being in a fluid communi-

cation with the interior of said housing thereby 35
facilitating the force balancing thereof, said gate
further being translatable between open and closed
positions and including a sealing edge sized and
shaped for, when said gate is in said closed position,
seating against the portion of said housing adjacent 40
said second opening thereby blocking flow of said
fluid therethrough, said diverter being attached to
said housing on the gate side of and spaced from
said second opening so as to provide an unob-
structed fluid flow path through said second open- 45
ing when said gate is in other than said closed posi-

50
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tion, said slots in said diverter being aligned to the
direction of translation of said gate and said gate
further including spokes sized for being received in
said slots; and |

(d) actuation means for effecting translation and posi-

tioning of said gate between said open and closed
positions.

2. The valve of claim 1 wherein said first opening 1s in
fluid communication with said source of said fluid and
said sealing edge of said gate is beveled exposing most
of said sealing edge to the pressure of fluid within the
interior of said housing.

3. The valve of claim 2 wherein said housing is con-
figured such that said second opening comprises the
entrance of a nozzie.

4. The valve of claim 2 wherein said gate includes a
stem extending through said housing to said actuation
fmeans. |

5. The valve of claim 4 wherein said actuation means
comprises a spring disposed outside of said housing to
cooperate with said stem for urging said gate to trans-
late to said open position, the spring force of said spring
being selected to permit said fluid of a predetermined
pressure to overcome said spring force and translate
said gate to said closed position.

6. The valve of claim 4 wherein said actuation means
comprises a spring disposed outside of said housing to -
cooperate with said stem for urging said gate to trans-
late to said closed position, the spring force of said
spring being selected to permit said fluid of a predeter-
mined pressure to overcome said spring force and trans-
late said gate to said open position.

7. The valve of claim 1 wherein said second opening
is in communication with said source of said fluid and

said sealing edge of said gate is beveled and aligned to
expose most of said sealing edge to the pressure of fluid

- outside of said housing.

8. The valve of claim 7 wherein said actuation means
comprises a spring disposed between said housing and
said gate for urging said gate to translate to said closed
position, the spring force of said spring being selected to
permit said fluid of a predetermined pressure to over-
come said spring force and translate said gate to said

open position.
IE T T T T
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